Abstract: The rotifer community of the canyon shaped Slapy Reservoir was studied over four years, from 2000 to 2003. A total of 38 rotifer taxa were identified in the pelagial zone. The dominant species, Keratella cochlearis, K. quadrata, Polyarthra dolichoptera, P. vulgaris, Synchaeta lakowitziana and Pompholyx sulcata, were similar to other reservoirs in the same area. Tychoplanktic species, which are typical for communities of upstream reservoirs, are reduced in the Slapy Reservoir. The seasonal fluctuation of rotifer abundance is characterized by a significant spring peak, clear water depression, summer peak and sometimes a lower peak in autumn. Fluctuation of the rotifer species shows a highly unified trend through the years with very low variation through the years. It results from the input of hypolimnetic water from an upstream reservoir, which erased a large part of the effect of year to year climatic fluctuations.
Introduction
Rotifers are one of the most important groups of zooplankton communities in man-made reservoirs. Their ecological significance is great, because their usually low total biomass is compensated for by the fast renewal of their populations due to a short generation time (Hutchinson 1967) .
A number of studies dealing with species composition and seasonal fluctuation of rotifer communities in reservoirs were conducted during the last few years in the Czech Republic (Kubíček 1959 (Kubíček , 1968 Kubíček et al. 1965; Devetter 1998a, b; Seďa & Devetter 2000; Devetter & Seďa 2003) as well as other European countries (Manuel & Armengol 1993; Vasconcelos 1994; Dohet & Hoffmann 1995; Hudec 2000) .
The Slapy Reservoir has been the subject of many limnological studies since its filling in 1954. Intensive and/or long-term limnological studies, dealing with the hydrology (Straškraba 1994; Hocking & Straškraba 1994) , physical and chemical properties (Hrbáček & Straškraba 1966; Nesměrák & Straškraba 1985; Procházková et al. 1996; Straškrabová et al. 1994) , phytoplankton (Komárková & Vyhnálek 1998; Straškrabová et al. 1998; Komárková 1993 Komárková , 2002 , crustacean zooplankton (Brandl et al. 1989; Brandl 1994 Brandl , 1998 Hrbáček et al. 2003; Pichlová & Brandl 2003) and fish assemblages (Kubečka et al. 1998) , have been conducted. However, the rotifer community has not yet been analyzed.
The aim of the present study was to determine the species composition and seasonal variation in the numbers of the rotifer community in the pelagial zone of Slapy Reservoir.
Material and methods

Site description
The Slapy Reservoir is a eutrophic, canyon-shaped (narrow and deep), man-made reservoir, situated on the Vltava River in central Bohemia (Czech Republic), 49
• 24 54.4 E. The main characteristics of the reservoir are given in Table 1 . For further information see Brandl et al. (1989) , Straškraba (1994) and Hrbáček et al. (2003) . The reservoir is situated in the middle of a cascade of reservoirs, downstream of the larger Orlík Reservoir. In addition, it is well stratified, dimictic, but ice free for most winters.
Sampling and analysis
The present paper is based on data from the regular sampling program of the Hydrobiological Institute, Czech Academy of Science. The reservoir was monitored all year round at 3-week intervals from 2000 to 2003. The sampling was performed at a fixed sampling point 8 km upstream of the dam at the deepest point of the reservoir profile.
Rotifers were sampled quantitatively using a largevolume flexible industrial hose 8 m long, mouth diameter c 2011 Institute of Zoology, Slovak Academy of Sciences Explanations: *P < 0.05, **P < 0.01.
of 10 cm, combined with a plankton net (mesh size 40 µm) (the so called Lochness sampler). It takes a mixed sample of the upper 7.5 m, for an exact volume of 58.9 L. Two parallel hauls were done for one sample. The sample was narcotized with soda water to prevent contraction of softbodied species and preserved immediately with formaldehyde solution to reach a final concentration of 4%. Rotifers were counted and identified with a light microscope using a modification of the Sendwick-Rafter chamber under a glass cover (Koste 1978) . Species diversity was estimated using the Shannon-Weaver index (1949) . A Pearson correlation of abundances with some environmental variables was performed using Sigmaplot 11.0 software.
Results
A total of 38 rotifer taxa were identified during the four years of sampling in Slapy Reservoir (Table 2) . Of these, 8 species were considered "abundant", comprising the majority of the total rotifer abundance in the samples. These were Keratella cochlearis, K. quadrata, Conochilus unicornis, Polyarthra dolichoptera, P. vulgaris, Pompholyx sulcata, Kellicottia longispina and Synchaeta lakowitziana.
Seasonal dynamics of planktonic events and rotifers
Seasonal changes in the rotifer community strongly depend on conditions in the reservoir, especially temperature and characteristics connected to potentional food abundance (Fig. 1) . Formation of some planktonic events, such as a clear-water phase, may not be observed in the same way each year due to the threeweek sampling scheme, but main phases are recognizable each year. Seasonal changes in abundance, as well as species diversity, of the rotifer community were Fluctuation in total abundance of the rotifer community followed a similar pattern (Fig. 2) . A spring maximum, with numbers commonly up to 2,000 ind. L −1 (7,762 ind. L −1 in 2003), was reached in April and May. A strong depression of abundances occurred shortly after that during the clear-water phase in June. During this phase, total rotifer abundance reached only 100-150 ind. L −1 . The second peak occurred during summer in July and August. This peak of from 1,400 to 3,800 ind. L −1 was formed mainly by K. cochlearis in 2000-2002, but in 2003 the dominant of this peak was S. lakowitziana. One smaller peak was found during the autumn months in all years. The lowest numbers were found always in December and January.
A well defined seasonal succession occurs in Slapy Reservoir. The winter/early spring community is composed mainly of P. dolichoptera, S. lakowitziana, K. quadrata, K. cochlearis, Kellicottia longispina and Conochilus unicornis. After the clear-water phase in June, the winter/spring complex is replaced by the summer one, consisting of K. cochlearis, P. vulgaris, Pompholyx sulcata, Trichocerca similis and Synchaeta pectinata, sometimes with S. lakowitziana. Results of Pearson correlation between species abundance and some environmental variables are shown in Table 2 . Only three species are correlated with temperature, one species with transparency and three species with chlorophyll-a concentration.
Planktonic rotifer community in Slapy Reservoir Seasonal dynamics of the species All important species are represented in Fig. 3 .
Keratella cochlearis was the most abundant rotifer species in the reservoir in all years studied (Fig. 3) . It was present in the plankton practically all year-round and composed a great part of the spring maxima, as well as the summer maxima. It reached its highest number of 6,648 ind. L −1 in May 2003. Keratella quadrata was typical of the spring peak, but was also common during summer. The maxima reached from 100 to 380 ind. L −1 during the spring peak.
Polyarthra dolichoptera, a cold stenotherm, constituted a large portion of the spring peak. However, it is present in the reservoir throughout the year in low numbers.
Polyarthra vulgaris occurred only in the warm part of the season in contrast to the previous species. It appeared shortly after the clear water phase and reached its maximum of 100-200 ind. L −1 in August. It was not present in the rest of the year.
Synchaeta lakowitziana and S. oblonga. It was impossible to distinguish between S. lakowitziana and S. oblonga when counting. In general, S. lakowitziana was most common and abundant in the spring and later peaks, whereas the latter species predominated in April and August 2001. These small Synchaeta are cold stenothermic species. The species are unable to form a population during early winter. They appear mostly in January, but the maxima of 100-1,244 ind. L −1 were reached in April, when thawing began (Fig. 2) . Following the depression or disappearance in the clear water phase, some peaks may develop during summer. The summer peak highly exceeded the spring one (813 ind. L −1 ) in 2003. Synchaeta pectinata. In contrast to the small Synchaeta species, S. pectinata prefers the warm season. They appeared unpredictably from May to August, but never exceeded 200 ind. L −1 . Kellicottia longispina was not very abundant, but constant through the years studied. The first peak of 50-150 ind. L −1 appeared in May, while the second maximum occurred during the summer.
Pompholyx sulcata was a typical warm stenothermic species with a maximum up to 100 ind. L −1 (except in 2001) in July and August.
Conochilus unicornis had two maxima, the first coinciding with those of K. cochlearis and P. dolichoptera during the spring peak, and a second peak in September and October in 2000-2001. Only one peak occurred from May to July in [2002] [2003] . This species was permanently present from December to January in low numbers, but, because of the very low abundance of rotifers in total, it comprised an important part of the community in that time.
Conochiloides natans occurred in rather low numbers (up to 25 ind. L −1 ) during a very restricted period in the first half of May in all years. C. natans was present on 9, 15, 14 and 13 May in the four study years, respectively (depending on sampling date), but not before nor after these dates.
Anuraeopsis fissa occurred in low numbers during August and September.
Ascomorpha ovalis appeared in a very short period in mid July, reaching up to 107 ind. L −1 . Asplanchna priodonta was present in a very distinct period on one sampling date (around 15 May) every year with numbers from 40 to 120 ind. L −1 . Trichocerca similis and T. rousseleti were also restricted to a relatively short period during the summer and showed a very similar pattern. They were present from August to September (July 2003) and reached maxima of 135 ind. L −1 and 40 ind. L −1 , respectively. Brachionus angularis is nearly a common species in the reservoir, but is present in very low numbers. A maximum of 20 ind. L −1 was reached every year in the first half of May.
Collotheca sp. Species of this genus, identified sometimes as C. mutabilis, are present in the reservoir from late June or early July to October (It was not possible to identify to species level everytime). Their numbers were commonly low, but the maximum of 20-40 ind. L −1 was reached at the beginning of this period during the periodic peak of the large-bodied diatoms Fragillaria crotonensis and/or Asterionella formosa.
Filinia longiseta was restricted to the spring period with a peak in middle May. Maximal numbers are 15 ind. L −1 .
Polyarthra remata was a rare species in the reservoir. It appeared in one sample in January (50 ind. 
Discussion
Several factors may account for the rather low rotifer species richness and diversity in Slapy Reservoir. The 38 species found is a relatively low number in comparison with natural lakes (Virro 1996) , but is common in deep reservoirs (De Manuel & Armengol 1993; Vasconcelos 1994; Devetter 1998b Devetter , 2004 . Fluctuation of the diversity index does not show any strong trend apart from a regular decrease around the end of the year. It appears that it increased in general a little after the extraordinary flood in August 2002. However, benthic and/or littoral species, commonly found in the plankton of comparable reservoirs, were practically absent in Slapy Reservoir. Because of the lack of a littoral zone, tychoplanktic genera, such as Lecane, Cephalodella, Lophocharis, etc, are rare and only marginally form part of the typical pelagial species. On the other hand, common planktonic species, which comprise the rest of the community, are very similar to those of other reservoirs (Dohet & Hoffmann 1995; Hudec 2000) . The primary cause of this discrepancy must be in the character of the reservoir. The Slapy Reservoir is supplied by water from the immediately upstream Orlík Reservoir during the whole year (99.5% of the total inflow - Hrbáček et al. 2003) . Therefore, the effect of species supply from the catchment area is minimal. Compared to species richness, total rotifer species number was higher for the Orlík Reservoir (more than 49), even though the sampling of Orlík Reservoir was not as detailed and limited only to the warm season. At least ten of the Orlík species are typically tychoplanktic (Devetter, unpublished data) . If the reservoir pelagial is not a suitable environment for reproduction of these species, the upstream reservoir may retain them and the downstream one may be impoverished. Maximum rotifer density in Slapy Reservoir is comparable or higher than the Římov and Jordán Reservoirs (Devetter 1998b (Devetter , 2004 Devetter & Seďa 2005) . Seasonal fluctuation of the total planktonic rotifer community followed a strong spring development, clearwater depression, several summer maxima and a possible peak in autumn; this agreed with the Plankton Ecology Group model (Sommer et al. 1986 ). Pearson correlation show a significant relationship between temperature and species which prefere high temperatures such as C. unicornis, T. similis and P. vulgaris, on the other hand P. dolichoptera, K. quadrata and K. longispina have been related mainly to chl-a concentration. Dominant species K. cochlearis and S. lakowitziana did not show any correlation. It indicates that species abundance is not a simple function of any variable and originates from dynamics of pelagial interactions.
Polyarthra dolichoptera and S. lakowitziana are known as typical cold stenotherm species (Herzig 1987; Virro 1996; Devetter 1998a; Devetter & Seďa 2006 , 2008 . In Slapy Reservoir, however, they are present or important in the warm as well as the cold parts of the season. The sampling method did not discriminate among the vertical layers and mixed the epi-, meta-and part of the hypolimnion. Therefore, it is possible that the species were present in the colder meta-or hypolimnetic layers. However, the results from this reservoir still differ from other localities, where this pattern was not observed (Devetter & Seďa 2003 , 2005 , 2006 .
The seasonal fluctuation of individual species generally corresponds to their common habits (Vasconcelos 1994) . However, typical population phases in many species, such as the start of population development or maxima, were synchronized through the years. The phenomenon is very striking, especially in some species, which were present only during a very short period, such as Asplanchna priodonta, Ascomorpha sp., Conochiloides natans, Filinia longiseta and Anuraeopsis fissa. Especially C. natans was present on only one sampling date in the strictly same period. The same trend was commonly observed in species present over longer periods. For example, the most important species K. cochlearis and P. dolichoptera showed spring peaks around the 130 th day of the year (10 May), with variation of a few days only. The date of development of the spring phytoplankton maxima as well as clear water phase (30 May-5 June) in the reservoir was similarly uniform. The Římov Reservoir, located in a headwater, was sampled at the same time, but the seasonal succession of planktonic events was much more variable in time (Devetter, in prep.) The most likely explanation for this phenomenon, which has not been observed in other reservoirs (Devetter 1998a; Hudec 2000) , is the effect of an upstream reservoir. Temperature of the inflow water into Slapy Reservoir was fully uniform through the years erasing a large part of the effect of year to year climatic fluctuations.
The structure and dynamics of the rotifer community in Slapy Reservoir are comparable to other eutrophic reservoirs in the area (Kubíček 1959 (Kubíček , 1968 Hoffmann 1977; Devetter 1998b Devetter , 2004 Hudec 2000) , with a high predictability of events in the planktonic community influenced by the upstream reservoir.
